A laser hazard analysis was performed for the SNL Active Polarimeter Optical System based on the ANSI Standard Z136
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I.
Introduction
The Active Polarimeter Optical System (APOS) uses a pulsed, near-infrared, chromium doped lithium strontium aluminum fluoride (Cr:LiSAF) crystal laser in conjunction with a holographic diffuser and lens to illuminate a scene of interest. The APOS is intended for outdoor operations. The system is mounted on a height adjustable platform (6 feet to 40 feet) and sits atop a tripod that points the beam downward. The beam can be pointed from nadir to as much as 60 degrees off of nadir producing an illuminating spot geometry that can vary from circular (at nadir) to elliptical in shape (off of nadir). Schematic of the illumination optics geometry.
The JP Innovations crystal Cr:LiSAF laser parameters are presented in section II. The illuminating laser spot size is variable and can be adjusted by adjusting the separation distance between the lens and the holographic diffuser. The system is adjusted while platform is at the lowest level. The laser spot is adjusted for a particular spot size at a particular distance (elevation) from the laser by adjusting the separation distance (d diffuser ) to predetermined values. The downward pointing angle is also adjusted before the platform is raised to the selected operation elevation. The formula for the single pulse MPE is given in ANSI Std. Z136.1-2000 (Table  5a ) as: The standard exposure time for this laser output wavelength is given as 10 seconds [ANSI Std. Z136.1-2000 (Table 4a )].
II
The appropriate for a ten-second exposure is given in Table 5a The ANSI Rule 3 MPE is the product of the ANSI Rule 1 MPE and the multiple pulse correction factor (C p ) [ANSI Std. Z136.1-2000 (8.2.3-Rule 3) ].
The multiple-pulse correction factor ( ) -(as a function of the number of laser pulses in the exposure) is given in Where "n" is the number of pulses in the exposure (T).
The standard exposure time for this laser's radiant output wavelength is given as: 10 seconds [ANSI Std.Z136.1-2000 (Table 4a) 
C. The Allowable Emission Limit
The Laser Class Allowable Emission Limit (AEL) is the highest radiant emission a laser may have and still be considered to be a member of a particular laser hazard class. From the prospective of an observer the AEL may be considered an Allowable Exposure Limit. The Laser Hazard Class 1 AEL is defined as the product of the appropriate MPE and the area associated with the limiting aperture [ANSI Std. Z136.1-2000 (3.2.3.4.1-(2) )] and is simply referred to as "AEL". 
D. Laser Safety Eyewear
Eye protection is required where personnel are at risk of ocular exposure to Class 3b or 4 laser hazards [ANSI Std. Z136.1-2000 (4.6.2 
.1)].
The minimum Optical Density ( ) min OD is determined using the maximum radiant laser output ( ) o Q through the limiting aperture presented in The NOHD for the APOS is variable depending upon the adjusted separation distance between the holographic diffuser and the lens. The NHZ can be restricted to less than the NOHD by the use of approved portable laser barriers set about the laser during laser set up, spot size adjustment and pointing angle adjustment.
F. Spot Size and Radiant Exposure
The holographic diffuser-lens system is used to adjust the APOS output beam for a specific size at a specific distance. For a given platform elevation the spot shape can be varied from a circle (beam point at nadir) to an ellipse (beam point off of nadir). For a particular platform elevation, the smallest beam area (highest radiant exposure) is obtained with a circular spot. The circular beam area presents the "worst case" hazard condition and its use in the laser hazard analysis yields the most conservative safety approach for a particular platform elevation. The average radiant exposure for the 2.4 foot radius, 8.4 foot radius and 10 foot radius spot sizes in relation to the MPE. Spot sizes greater than 8.5 feet in radius present eye safe radiant exposure to this the Active Polarimeter Optical System.
The APOS illumination spot size is determined by the separation distance between the holographic diffuser and the lens (ranging from 35 mm to 150 mm), which is nominally set at 70 mm and the distance from the laser, which varies from a minimum of 6 feet at nadir to a maximum of 80 feet at the maximum elevation (40 feet) and a pointing angle of 60-degrees off of nadir. The circular illuminating spot sizes are expected to range from as small as 2.4 feet in radius to ten feet in radius.
The minimum circular beam radius ( ) necessary to produce an "eye safe" radiant exposure ( ) to this laser can be determined as follows; The minimum "eye safe" spot radius for this laser is:
For illumination circular spot radii greater than 2 1 8 feet the radiant exposure from this laser is below the ocular MPE and can be considered eye safe.
G. Outdoor Operations and Navigable Air Space
The radiant output wavelength (826 nm) of the APOS is outside the visible portion of the spectrum as defined by ANSI Std. Z136.1-2000*, and ANSI Std. Z136.6-2000 † and does not pose a visual interference (distraction, disruption, or disorientation) concern for aircrews in navigable air space. Startle, dazzle, flashblindness and glare concerns apply only to visible light and do not apply to invisible laser beams. The critical zone exposure distances (CZED) and the sensitive zone exposure distance (SZED) do not apply.
The NOHD (for invisible as well as visible laser light) does apply in the Normal Flight Zone (NFZ). The NOHD of the JP Innovations lasers was determined to be as great as 17.3 kilometers without the APOS exit optic system. Care shall be taken not to direct the APOS output beam into navigable air space.
For the normal operation of the APOS, the beam is directed toward the ground from an elevated platform. Care should be taken to avoid specular reflections which may redirected the laser output into navigable air space.
H. Aided Viewing
The use of optical aides such as a pair of 7x50 binoculars for intrabeam viewing will increase the viewing hazard by as much as the square of the magnifying power (optical gain) of the optical system [ANSI Std. Z136.1-2000 (B6.4.3) ].
The actual gain of the optical system considers the transmission factor to the optical system. The actual gain of a 7x50 binocular exposure to 826 nm laser light can be calculated from the transmission loss given in Table 9 of the ANSI Std. Z136.1-2000 and as:
The use of optical aides extends the ocular hazard distance associated with this laser. This Extended Ocular Hazard Distance (EOHD) is related to the NOHD by the inclusion of the optical gain factor as follows:
For a first order approximation this EOHD can be expressed as:
The use of 7x50 binocular extends the NHZ by an approximate factor of six. The use of optical aides should be greatly restricted during APOS laser operations.
IV. Conclusions
1. Personnel inside the Nominal Hazard Zone (NHZ), with the laser active, are required to wear laser safety eyewear with a minimum Optical Density (OD) of 5.74 at 826 nm.
2. Barriers (temporary or permanent) about the laser are required to confine and reduce the NHZ, from approximately 17.2 kilometers to a more manageable distance (from the laser) that can be controlled during laser setup and spot size and pointing angle adjustment process.
3. While the laser illuminating spot sizes greater the 8.5 feet in radius produce eye safe radiant exposures; it is required that laser safety eyewear be worn by all personnel throughout the laser setup, spot size adjustment, positioning and testing process to prevent inadvertent radiant exposures above the MPE with a possible ocular injury.
4. Although the APOS laser beam does not pose a visual interference (distraction, disruption, or disorientation) concern for aircrews in navigable air space; the NOHD does apply. Care shall be taken to avoid directing the APOS beam into navigable air space. Care should be taken to avoid specular reflections into navigable air space.
5. The use of optical viewing aides such as 7x50 binoculars extends the nominal hazard distance by an approximate factor of six and should not be allowed during APOS laser operations. 
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